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Talk Outline
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ÁThermal Scattering Law (TSL) data for neutrons

ÁPrevious Production of S(Ŭ,ɓ) Libraries

ÁVerification of new S(Ŭ,ɓ) Libraries

ïContinuity of Cross Section at Emax

ïConsistency with respect to Material Temperature

ïCross comparisons between continuous energy and 

multi-group cross sections

ÁRelease of the new S(Ŭ,ɓ) Libraries
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Thermal Scattering Law (TSL)

Effects for Neutrons

Slide 3

Á Most neutron cross sections for scattering are calculated with the 

ñfree gasò model.

ïñFree gasò includes up-scattering, material temperature effects, 

and also allows more than isotropic scattering in the center of 

mass

ÅAsymptotes down to the simple ñtextbookò model of scattering

ïñFree gasò does not include the physics of molecular effects, 
crystalline structures, and other such thermal phenomena at low 

incident neutron energies (say, below a few eV)

ïñFree gasò does not include scattering resonance effects at 
higher neutron energies

Á At thermal energies, TSL nuclear data, S(Ŭ,ɓ), is available to capture 

the physics of low energy neutron scattering
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Thermal Scattering Cross Sections

are Produced in NJOY from evaluations

Á The thermal scattering law data from the evaluated data files is 

introduced into NJOY processing in the THERMR routine

ïRECONR, BROADR, HEATR, THERMR, and then ACER or 

GROUPR (multi-group) or both

ïACE = ñA Compact ENDFò , the data is ñcontinuous energyò (ce)

Á Continuous Energy Cross Sections for Monte Carlo are produced by 

ACER 

ïACE files in thermal scattering format  (the other 3 formats are 

continuous energy transport, multi-group, dosimetry)

ïACE files are accessed by MCNP with the MTn cards associated 

with Mn material cards for material ñnò

ïACE thermal scattering data replaces the normal continuous 

energy data at all neutron energies less than Emax (a few eV)
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Recent Previous S(Ŭ,ɓ) Libraries

ÁENDF/B VII.0 (2008)

ï20 tsl materials and 111 evaluations

ÁENDF/B VII.1 (2014)

ï21 tsl materials and 149 evaluations

ÁENDF/B VIII.0 (2018, 2020)

ï34 tsl materials and 253 evaluations

ïSignificant expansion of tsl data !!
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What TSL data is in ENDF/B VIII.0?

Á Good neutron moderators

ïLight water, Heavy water, Graphite (3x), Beryllium, Beryllium 

Oxide

Á Other neutron moderators

ïSiO2, SiC, poly, lucite, ice, benzene, YH2, ZrH

Á Other Materials

ïAl, Fe, UN, UO2 

ï (U-238 only ïwatch out for the 6.7 eV resonance, it is NOT ñ1/vò)

ÁCryogenic Materials

ïparaH, paraD, orthoH, orthoD, liquid methane, solid methane

ï (I found an indication of inconsistent data with the paras and 

orthos)
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What Went Wrong in 2018?

Á 10 materials had incorrect ACER inputs for elastic incoherent 

scattering

ïCould have been caught by the ACER/GROUPR comparison

ïThe scattering data is still correct in magnitude, but it is 

mislabeled as elastic coherent and has unphysical oscillations

Á 2 materials (SiO2 in alpha and beta phases) had bad processing

ïThis was caught by the Emax continuity check

Á 2 materials (rgraphite10 and rgraphite30) were reversed

Á A few bookkeeping errors 

ï Inadvertent omission of 5 high temperature evaluations

ïMislabeling of 2 poly temperatures in the XSDIR file
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How Did We Verify the Data?

(this time , as opposed to last time)

Á (1) Verification by continuity at Emax between S(Ŭ,ɓ) and 

free gas

Á (2) Verification by tabular results across all temperatures 

for all materials (506 sample problems = 253 * 2)

ïComparisons between S(Ŭ,ɓ) and free gas cross 

sections

ïConsistency checks as the temperature changes 

ïAlso did some plots of S(Ŭ,ɓ) with respect to 

temperature

Á (3) Verification by comparison plots with GROUPR data


